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© ROTOR OF SYNCHRONOUS ROTATING MACHINE. 

© On the outer peripheral surface of a cylindrical 
rotor core (23), dovetail groove-like recesses (26) are 
formed in the axial direction. Into the recess parts 
(26), permanent magnet pieces (25) are mounted 
with their under surfaces (25b) down like a fall lid. 
Both sides (27a, 27b) of each permanent magnet 
piece (25) are tapered from the short-width top sur- 
face (25a) to the long-width under surface (25b). In 
the gaps between the sides (27a, 27b) and sidewalls 
(26b, 26c) of the recesses (26), provided are wedge 
layers (30) formed of cured bonding agent. When a 
force so acts on each permanent magnet piece (25) 
that it separates from the outer peripheral surface of 
the rotor core (23), the separation of each permanent ' 
magnet piece (25) is 'prevented by virtus of the 
wedge layers (30). 



Fig. 2 



26b 26c 
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TECHNICAL FIELD 

The present invention relates to the construc- 
tion of a rotor for a synchronous rotary machine, 
particularly, for a synchronous electric motor, which 
includes a rotor core mounted on a rotatably sup- 
ported shaft so as to serve as a yoke and having a 
substantially cylindrical circumference, and perma- 
nent magnets fixedly arranged on the circumfer- 
ence of the rotor core so as to interact with a 
rotating magnetic field created by a stator to there- 
by generate an output torque, the rotor further 
incorporating an improvement for preventing the 
separation of the permanent magnets from the ro- 
tor core. The present invention also relates to a 
method of fabricating such a rotor. 

BACKGROUND ART 

Most synchronous rotary machines, particular- 
ly, synchronous electric motors, employ either a 
radial magnet type rotor formed by alternately and 
contiguously arranging rotor cores serving as 
yokes, and permanent magnet pieces along a cir- 
cumferential direction or a surface-mounted mag- 
net type rotor formed by attaching a plurality of 
permanent magnet pieces on the outer circum- 
ference of a cylindrical rotor core. 

The plurality of permanent magnets of the lat- 
ter of these two types of rotors for synchronous 
rotating machines, in general, are attached adhe- 
sively with an adhesive to the substantially cylin- 
drical circumference of the rotor core. The adhe- 
sive strength of the adhesive must exceed the 
resultant centrifugal force that acts on the perma- 
nent magnets when the rotor rotates and the mag- 
netic attraction resulting from the interactions of a 
rotating magnetic field created by the stator and 
magnetic fields created by the permanent magnets 
to prevent the separation of the permanent mag- 
nets from the circumference of the rotor core even 
when the rotor rotates for a long time under the 
action of the centrifugal force and the magnetic 
attraction. Accordingly, to ensure that the perma- 
nent magnets are securely held on the rotor, the 
bottom portions of the permanent magnets are 
partly sunk in recesses formed in the outer circum- 
ference of the rotor core so that the permanent 
magnets are held at their side surfaces by the rotor 
core when adhesively attaching the permanent 
magnets to the outer circumference of the rotor 
core. 

The prior art will be described hereunder with 
reference to the accompanying drawings. 

Figs. 9A and 9B show the construction of a 
typical surface-mounted magnet type rotor for a 
conventional synchronous electric motor, in which 
permanent magnets are h Id securely on the rotor 



core solely by the adhesive strength of an adhe- 
sive. Figs. 9A and 9B are a front view and a side 
view, respectively, of the surface-mounted magnet 
type rotor. Referring to Figs. 9A and 9B, a rotor 1 1 

5 supported for rotation within a stator 10 with a gap 
between the outer circumference thereof and the 
cylindrical inner circumference of the stator 10 
comprises a rotor shaft 12, a cylindrical rotor core 
13 fixedly mounted on the rotor shaft 12, a plurality 

w of permanent magnets 14 having the shape of a 
modified octagon attached by adhesive at their 
bottom surface to the outer circumference of the 
cylindrical rotor core 13, and end plates 15 at- 
tached respectively to the opposite ends of the 

75 rotor core 13 to hold the rotor core in place on the 
rotor shaft 12. As mentioned above, the permanent 
magnets 14 of this typical surface-mounted magnet 
type rotor are secured to the rotor core 13 solely 
by the adhesive strength of the adhesive, which is 

20 not a sufficiently effective measure to prevent the 
separation of the permanent magnets 14 from the 
rotor core 13. 

Fig. 10 is a side view, corresponding to Fig. 
9B, of a rotor having permanent magnets partly 

25 sunk in recesses formed in the outer circumference 
of a rotor core. As is obvious from the comparison 
of the constructions shown in Figs. 9B and 10, the 
construction shown in Fig. 10 is more effective in 
preventing separation than the construction shown 

30 in Fig. 9B. As shown in Fig. 10, a rotor core 13 is 
provided in its outer circumference with axial dove- 
tail grooves 16, and permanent magnets 14a hav- 
ing the shape of a curved plate and formed in a 
shape complementary to that of the dovetail 

35 grooves 16 and having an upper surface, a lower 
surface of a width greater than that of the upper 
surface, and side surfaces extending outward so as 
to approach each other and inserted in the dovetail 
grooves 16. When assembling the rotor core 13 

40 and the permanent magnets 14a, the permanent 
magnets 14a need necessarily to be inserted ax- 
ially of the rotor core 13 in the dovetail grooves 16 
and positioned in place with respect to the axial 
direction. 

45 Accordingly, when as shown in Fig. 11, the 

rotor is provided with a plurality of permanent mag- 
nets 14a divided into a plurality of groups (three 
groups in Fig. 11) and the groups of permanent 
magnets 14a are arranged respectively in a plural- 

50 ity of axial divisions (three axial divisions in Fig. 1 1 ) 
on the outer circumference of the rotor core 13 
'•with the angular position of the permanent magnets 
14a of each group shifted relative to that of the 
permanent magnets 14a of other groups to sup- 

55 pr ss torque ripple, it is impossible to insert the 
permanent magnets 14a of the middle group axially 
in the corresponding dovetail grooves 16 of the 
rotor core 13. 



3 



EP 0 569 594 A1 



4 



DISCLOSURE OF THE INVENTION 

Accordingly, a principal object of the present 
invention is to solve the foregoing problems in the 
rotor of the conventional synchronous rotary ma- 
chine, particularly, in the surface-mounted magnet 
type rotor. 

Another object of the present invention is to 
provide a surface-mounted magnet type rotor com- 
prising a rotor core, and permanent magnets at- 
tached substantially to the outer circumference of 
the rotor core, capable of being assembled by 
assembling processes as simple as those for as- 
sembling the conventional surface-mounted magnet 
type rotor without requiring additional assembling 
work, and having a construction having a mechani- 
cal fastening strength capable of securely holding 
the permanent magnets on the rotor core so that 
the permanent magnets are not separated from the 
surface of the rotor core by the centrifugal force 
generated by the rotation of the rotor and the 
magnetic attraction resulting from the magnetic in- 
teractions of the stator magnetic field created by 
the stator, and the permanent magnets. 

A further object of the present invention is to 
provide a method of fabricating a surface-mounted 
magnet type rotor for a synchronous rotary ma- 
chine, having a rotor core provided with recesses 
in its outer circumference, and permanent magnets 
fitted in the recesses of the rotor core by radially 
fitting the permanent magnets in the recesses of 
the rotor core like tiling a surface. 

In view of the foregoing object of the present 
invention, when fabricating the surface-mounted 
magnet type rotor for a synchronous rotary ma- 
chine, each permanent magnet is inserted radially 
in the recess formed in the substantially cylindrical 
surface of the rotor core. Each recess and each 
permanent magnet are formed so that wedging 
spaces are formed on the opposite sides of the 
permanent magnet between the side faces of the 
permanent magnet and walls demarcating the re- 
cess, and wedge-like layers of an adhesive are 
formed in the wedging spaces to secure the per- 
manent magnet in place against the resultant of the 
centrifugal force generated by the rotation of the 
rotor and the magnetic attraction resulting from 
magnetic interactions of magnetic fields created by 
the stator, and the permanent magnet, that tends to 
separate the permanent magnet from the rotor 
core. 

In a rotor for a synchronous rotary machin , 
according to the present invention comprising a 
substantially cylindrical rotor core supported for % 
rotation inside a stator, and a plurality of perman nt 
magnets attached to the surface of the rotor core, 

each permanent magnet is formed in a pieces 
of polygonal shape having flat, axially opposite end 



faces parallel to a plane perpendicular to the axis 
of rotation of the rotor, side faces each intersecting 
the opposite end faces, and curved upper and 
lower surfaces formed so as to have curvature 

5 substantially in conformity with that of the outer 
circumference of the cylindrical core, the lower 
surface having a width greater than that of the 
upper surface so that the side faces connecting the 
upper and lower surfaces are inclined so as to 

10 diverge from each other toward the lower surface, 
the cylindrical rotor core is provided in an outer 
surface thereof with a plurality of recesses substan- 
tially resembling a dovetail groove, each defined by 
a cylindrical bottom surface and opposite inclined 

75 side faces diverging from each other toward the 
bottom of the recess so that gaps are formed 
between the inclined side faces of the recess and 
the inclined side faces of the permanent magnet 
when the lower portion of the permanent magnet is 

20 fitted radially in the recess, and arranged at fixed 
angular intervals, and 

the gaps formed between the inclined side 
faces of the permanent magnet and those of the 
recess are filled with adhesive to form wedge-like 

25 layer of adhesive between the inclined faces of the 
permanent magnet and the inclined side faces of 
the recess, and the wedge-like layers of adhesive 
hold the permanent magnet firmly in the recess so 
that the permanent magnet will not be separated 

30 from the rotor core. 

According to the present invention, a method of 
fabricating a rotor for a synchronous rotary ma- 
chine, having a substantially cylindrical rotor core 
supported for rotation inside a stator, and a plural- 

35 ity of permanent magnets adhesively attached to 
the cylindrical surface of the rotor core comprises 
the steps of: 

forming each permanent magnet in a piece of 
substantially polygonal shape having flat, axially 

40 opposite axial end faces parallel to a plane per- 
pendicular to the axis of rotation of the rotor, in- 
clined side faces each intersecting the opposite 
end faces, curved upper and lower surfaces having 
a curvature substantially in conformity with that of 

45 the outer circumference of the rotor core, the lower 
surface being formed so to have a width greater 
than that of the upper surface so that the side 
faces diverge from each other toward the lower 
surface; 

50 forming a plurality of axial recesses, each hav- 

ing inclined side faces diverging from each other 
toward the bottom of the recess so that gaps are 
formed between the inclined side faces of the 
permanent magnet and the inclined side faces of 

55 the r cess when the lower portion of the permanent 
magnet' is inserted radially in the recess, in the 
surface of the rotor core at fixed angular intervals; 
filling the gaps formed between the inclined 
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side faces of each permanent magnet and the 
inclined side faces of each recess with adhesive; 
and 

hardening the adhesive filling the gaps to form 
wedge-like layers of adhesive to secure the perma- 
nent magnet to the rotor core so that the perma- 
nent magnet will not be separated from the surface 
of the rotor core. 

BRIEF DESCRIPTION OF THE DRAWINGS 



w 



Fig. 9A is a front view of a conventional surface- 
mounted magnet type for a synchronous rotat- 
ing machine; 

Fig. 9B is a side view of the rotor of Fig. 9A; 
Fig. 10 is a side view of another conventional 
surface-mounted magnet type rotor for a syn- 
chronous rotating machine; and 
Fig. 11 is a front view of a third conventional 
surface-mounted magnet type rotor for a syn- 
chronous rotating machine. 



The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description taken in 
connection with the accompanying drawings, in 
which: 

Fig. 1A is a front view of a rotor for a synchro- 
nous machine, in a first embodiment according 
to the present invention; 

Fig. 1 B is a side view of the rotor for a synchro- 
nous machine, in the first embodiment accord- 
ing to the present invention; 
Fig. 2 is an enlarged perspective view of assis- 
tance in explaining a procedure for putting per- 
manent magnets on a rotor core included in the 
rotor in the first embodiment; 
Fig. 3A is a fragmentary sectional view of an 
essential portion of the rotor in the first embodi- 
ment, showing the relation between a recess 
formed in the rotor core, a permanent magnet 
and wedging layer of an adhesive on the rotor in 
the first embodiment; 

Fig. 3B is a fragmentary sectional view of an 
essential portion of a modification of the rotor in 
the first embodiment; 

Fig. 3C is a fragmentary sectional view of an 
essential portion of another modification of the 
rotor in the first embodiment; 
Fig. 4A is a front view of a rotor for a synchro- 
nous machine, in a second embodiment accord- 
ing to the present invention; 
Fig. 4B is a side view of the rotor for synchro- 
nous machine, in the second embodiment; 
Fig. 5 is an enlarged perspective view of assis- 
tance in explaining a procedure for putting a 
permanent magnet on a rotor core included in 
the rotor in the second embodiment; 
Fig. 6A is a front view of a rotor for a synchro- 
nous rotating machine, in a third embodiment 
according to the present invention; 
Fig. 6B is a side view of the rotor in the third 
embodiment; 

Fig. 7 is an enlarged perspective view of assis- 
tance in explaining a procedure for putting a 
permanent magnet of a rotor core included in 
the rotor in the third embodiment; 
Fig. 8 is a front view of a rotor in a fourth 
embodiment according to the present invention; 



BEST MODE OF CARRYING OUT THE INVEN- 
TION 

75 Referring to Figs. 1A and 1B, a rotor 20 for a 

synchronous rotary machine, in a first embodiment 
according to the present invention, similarly to the 
conventional rotor, is a motor element supported 
for rotation inside a stator 10 with a gap between 

20 the outer circumference thereof and the cylindrical 
inner circumference of the stator 10. The rotor 20 
comprises a rotor shaft 22, a substantially cylin- 
drical rotor core 23 adhesively fixed or fastened 
with a wedge to the rotor shaft 22, and a plurality 

25 of permanent magnets 25 fitted respectively in 
recesses 24 formed in the outer circumference of 
the rotor core 23. 

Each of the permanent magnets 25 is formed 
in the shape of a curved piece of plate and has a 

30 lower surface 25a curved in a curvature corre- 
sponding to that of the outer circumference of the 
rotor core 23, an upper surface having a radially 
outward convex shape determined on the basis of 
design conditions determined taking into consider- 

35 ation conditions for magnetic interactions, axially 
opposite end faces 26a parallel to a plane per- 
pendicular to the axis of rotation of the rotor 20, 
and opposite, inclined side faces 27a and 27b 
diverging from each other toward the lower surface 

40 25a so as to extend opposite to the side faces of 
the recess 24 with gaps therebetween, respec- 
tively. In this embodiment, the inclined side faces 
27a and 27b extend perpendicularly to the opposite 
end faces 26a. 

45 The rotor 20, similarly to the conventional rotor, 

is provided with end plates 28 attached to the 
axially opposite ends of the rotor core 23. 

In the rotor 20, each permanent magnet 25 is 
attached to the rotor core 23 by adhesively joining 

50 the lower surface 25a thereof to the bottom surface 
of the recess 26, adhesively joining the inclined 
side fac s 27a and 27b thereof to the side faces of 
the recess 26 facing thereto with an adhesive and 
hardening the adhesive filling up gaps between the 

55 inclined side faces 27a and 27b and the side faces 
of the r cess 26 in wedge-like layers 30 of the 
adhesive. Therefore, the wedge effect of the 
wedge-like layers 30 of adhesive holds each per- 
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manent magnet 25 s curely in a recess 26 so that 
each permanent magnet 25 will not be separated 
from the rotor core 23 by the resultant of centri- 
fugal force that acts radially outward on the perma- 
nent magnet when the rotor 20 is rotated at a high 
rotating speed and radial magnetic attraction result- 
ing from interactions of a rotating magnetic field 
created by the stator 10, and each permanent 
magnet 25. 

The recess 26 of the rotor core 23, the con- 
struction of each permanent magnet 25, and a 
procedure for assembling the permanent magnet 
25 and the rotor core 23 when fabricating the rotor 
shown in Figs. 1A and 1B will be described 
hereinafter with reference to Fig. 2. 

Referring to Fig. 2, the plurality of recesses 
(eight recesses in this embodiment) 26 are ex- 
tended straight in the outer circumference of the 
rotor core 23 along the axis of the rotor core 23 
and arranged at angular intervals. Each recess 26 
is a dovetail groove expanding radially inward and 
having a curved bottom surface 26a having the 
shape of an arc of a circle, and opposite, inclined 
side faces 26b and 26c diverging from each other 
radially inward. As mentioned above, the inclined 
side faces 26b and 26c are complementary respec- 
tively to the inclined side faces 27a and 27b of the 
permanent magnet 25, and the inclined side faces 
are the opposite side faces of a dovetail groove 
that enables the permanent magnet 25 to be ad- 
vanced radially toward the bottom surface 26a of 
the recess 26 of the rotor core 23 as indicated by 
the arrow P in Fig. 2 when fitting the permanent 
magnet 25 in the recess 26 and forms minute gaps 
between the inclined side faces 27a and 27b of the 
permanent magnet 25 and the corresponding in- 
clined side faces 26b and 26c of the recess 26 to 
enable the permanent magnet 25 to be removed 
from the recess 26 when the permanent magnet 25 
is pulled radially outward in a direction opposite the 
direction of the arrow P. When fitting the perma- 
nent magnet 25 in the recess 26, the lower surface 
25a and the inclined side faces 27a and 27b there- 
of are coated with an adhesive. When the perma- 
nent magnet 25 is seated on the bottom surface 
26a of the recess 26, the minute gaps are substan- 
tially fully filled up with the adhesive. The adhesive 
filling the minute gaps is hardened to form the 
wedge-like layers 30. 

As shown in Fig. 3A, since the minute gaps 
between the inclined side faces 27a and 27b of the 
permanent magnet 25 and the corresponding in- 
clined side faces 26b and 26c of the recess 26 of 
the rotor core 23 are filled up respectively with the 
wedge-lik layers 30 of the hardened adh sive, th 
strong, mechanical wedging effects of the wedge- 
like layers 30 make impossible the removal of the 
permanent magnet 25 from the recess 26 even if a 



force tending to separate the permanent magnet 25 
from the rotor core 23 acts in the direction of the 
arrow R opposite the direction of the arrow P, 
unless the wedge-like layers 30 are crushed. It is 

5 preferable to design the dimensional relation be- 
tween the permanent magnet 25 and the recess 26 
so that the distance between the edges A along 
which the inclined side faces 27a and 27b of the 
permanent magnet 25 intersect the lower surface 

70 25a of the same, respectively, is slightly smaller 
than the distance between the edges B of the 
recess 26, and the edges A of the permanent 
magnet 25 graze the edges B of the recess 26 
when the wedge-like layers 30 are not formed and 

75 permanent magnet 25 is pulled in the direction of 
the arrow R. When the permanent magnet 25 and 
the recess 26 are formed so as to meet such a 
' dimensional relation, the wedge-like layers 30 exert 
the wedging effect on the permanent magnet 25 

20 even if a large separating force resulting from the 
centrifugal force generated by the rotation of the 
rotor and the magnetic attraction acts on the per- 
manent magnet and a large compressive force acts 
accordingly on the wedge-like layers 30 of adhe- 

25 sive, unless the wedge-like layers 30 are crushed 
completely and pushed completely out of the gaps. 
Thus, the wedging effect of the wedge-like layers 
30 restrains the permanent magnet from being 
separated from the rotor core 23. 

30 In a modification shown in Fig. 3B, the inclina- 

tion of the inclined side faces 27a and 27b of the 
permanent magnet 25 and the inclination of the 
corresponding inclined side faces 26b and 26c of 
the recess 26 of the rotor core 23 are greater than 

35 those of the permanent magnet 25 and the recess 
26 shown in Fig. 3A to enhance the wedging effect 
of the wedge-like layers 30 of the adhesive. 

In another modification shown in Fig. 3C, the 
wedging effect of the wedge-like layers 30 of the 

40 adhesive on restraining the permanent magnet 25 
from being separated from the rotor core 23 is 
enhanced by partially recessing the inclined side 
faces 26b and 26c of the recess 26 of the rotor 
core 23 to increase the thickness of the wedge-like 

45 layers 30 of the adhesive. 

Fig. 4 shows a rotor 20 for a synchronous 
rotary machine, in a second embodiment according 
to the present invention. The rotor 20 in the second 
embodiment differs from the rotor 20 in the first 

50 embodiment in that recesses 26 are formed in the 
circumference of a rotor core 23 so as to extend at 
a fixed helix angle 0. However, th6 rotor 20 in the 
second embodiment is similar to the rotor 20 in the 
first embodiment in that the recesses 26 are 

55 formed substantially straight along the axis of rota- 
tion in the outer circumference of the rotor core 23, 
the recesses 26 are arranged at angular intervals, 
and the recesses 26 have the shape of a dovetail 
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groove expanding radially inward. The opposite, 
inclined side faces 27a and 27b of each permanent 
magnet 25 to be radially fitted in the recesses 26 
like tiling a surface are formed so as to extend at a 
helix angle S. Naturally, the inclined side faces 27a 
and 27b, similarly to those of the first embodiment, 
are coated with an adhesive, and wedge-like layers 
30 are formed to secure the permanent magnet 25 
firmly in the recess 26 to restrain the permanent 
magnet 25 from being separated from the rotor 
core 23. 

In the second embodiment, as is generally 
known, the permanent magnets 25 are arranged on 
the rotor core 23 in an axially skew arrangement 
skewing at a helix angle 0 to the axis of the rotor 
core 23 to suppress torque ripple attributable to 
slots formed in the inner circumference of the 
stator 10 to hold coils therein. In assembling this 
surface-mounted magnet type rotor 20, the perma- 
nent magnets 25 can be radially fitted in the reces- 
ses 26 like tiling a surface. The wedging layers 30 
formed by filling up the gaps between the inclined 
side faces of the permanent magnets 25 and the 
inclined side faces of the recesses 26 and har- 
dening the adhesive filling up the gaps, similarly to 
those of the first embodiment, hold the permanent 
magnets 25 in the recesses 26 so that the perma- 
nent magnets 25 will not be separated from the 
rotor core 23. 

Fig. 5 is a perspective view of the rotor core 23 
provided with the recesses 26 skewed at a helix 
angle 0 to the axis of rotation of the rotor core 23. 

Figs. 6 and 7 show a rotor for a synchronous 
rotary machine, in a third embodiment according to 
the present invention. 

As shown in Figs. 6 and 7, recesses 126 are 
formed in a plurality of axial recess divisions (three 
recess divisions in this embodiment) 126a to 126c 
of a short axial length. The recesses 126 in each of 
the recess divisions 126a, 126b and 126c, similarly 
to the recesses in the second embodiment, are 
arranged in a skew arrangement skewing at a helix 
angle 0 to the axis of rotation of the rotor 20 and 
have the shape of a dovetail groove. However, the 
phase angles of the respective recesses 126 of the 
adjacent recess groups, i.e., the recess division 
126a and 126b, and the recess divisions 126b and 
126c, have a fixed phase angle difference 0 to 
provide permanent magnets 125 fitted in the re- 
spective recesses of the recess divisions 126a, 
126b and 126c, with a torque ripple suppressing 
effect. Naturally, as is generally known, the phase 
angle difference 0 is determined taking into consid- 
eration the degree of the torque* ripple included in 
the torque produced by the magnetic interaction of 
a rotating magnetic field created by the stator and 
the permanent magnets 1 25. 



As shown in Fig. 7, when assembling the per- 
manent magnets 125 and the rotor core 23, the 
permanent magnets 125 can be radially fitted in 
the recesses 126 of the recess divisions 126a, 

5 126b and 126c like tiling a surface. Accordingly, 
the permanent magnets 125 can be radially fitted 
in the recesses 126 of the recess divisions 126a, 
126b and 126c in the direction of the arrow P like 
tiling a surface even though the phases of the 

w respective recesses 126 of the adjacent recess 
126a, 126b and 126c are shifted relative to each 
other by the phase angle difference /S, which is 
impossible in assembling the conventional rotor in 
which the permanent magnets are inserted axially 

75 in the recesses. 

Naturally, the adhesive filling up gaps between 
the inclined side faces 127a and 127b of each 
permanent magnet 125 and the corresponding in- 
clined side faces 128a and 128b of each of the 

20 recesses 126 of the recess divisions 126a to 126c 
forms wedge-like layers 130 (Fig. 6) when har- 
dened, and the strong wedging function of the 
wedge-like layers 130 restrains the permanent 
magnets 125 from being separated from the rotor 

25 core 23 by the centrifugal force generated by the 
rotation of the rotor 20 and the magnetic attraction. 

The effect of the arrangement of the permanent 
magnets 125 in the third embodiment, in which the 
phase of the recesses 126 of each of the recess 

30 divisions 126a, 126b and 126c are shifted by the 
phase angle difference & relative to that of the 
recesses 126 of the adjacent recess divisions, on 
the suppression of torque ripple can be produced, 
for example, by dividing the axial recesses 26 of 

35 the rotor core 23 in the first embodiment into 
sectional axial recesses, dividing the sectional axial 
recesses into a plurality of axial recess divisions 
and shifting the phase of the sectional axial reces- 
ses of each of the plurality of axial recess divisions 

40 relative to that of the sectional axial recesses of the 
adjacent axial recess divisions by a phase angle 
difference 7. A rotor provided with permanent mag- 
nets arranged in such an arrangement is shown in 
Fig. 8. 

45 In an embodiment shown in Fig. 8, axial reces- 

ses 26 are divided into sectional axial recesses of 
the three axial recess divisions, and the phase of 
the sectional axial recesses of each axial recess 
division is shifted by a phase angle difference 7 

50 relative to that of the sectional axial recess of the 
adjacent axial recess divisions. Although the sec- 
tional axial recesses 26 are shifted relative to each 
other with respect to the circumferential direction, 
naturally, the permanent magnets 25 can be radi- 

55 ally fitted in the sectional axial recesses 26 like 
tiling a surface similarly to those of the foregoing 
embodiments. 
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The permanent magnets employed in the fore- 
going embodiments have quadrilateral shapes, re- 
spectively, in a plan view. It will be easily under- 
stood by a person with ordinary skill in the art to 
which the present invention pertains that the per- 5 
manent magnets may be of any suitable polygonal 
shape, such as the octagonal permanent magnets 
employed in the conventional rotor for a synchro- 
nous motor, provided that each permanent magnet 
has side surfaces that are able to form spaces for w 
forming wedge-like layers therein by filling up the 
spaces with an adhesive and hardening the adhe- 
sive filling up the spaces together with the cor- 
responding side faces of a recess when the perma- 
nent magnet is fitted radially in the recess like tiling 75 
a surface. Accordingly, permanent magnets ap- 
plicable to the rotor of the present invention are not 
limited to the foregoing quadrilateral permanent 
magnets. 

As is apparent from the description of the 20 
foregoing embodiments, according to the present 
invention, a rotor for a synchronous rotary machine, 
particularly, a surface-mounted magnet type rotor 
comprising a substantially cylindrical rotor core and 
permanent magnets attached to the outer circum- 25 
ference of the rotor core, has a construction that 
enables the assembly of the rotor core and the 
permanent magnets by radially fitting the perma- 
nent magnets in recesses resembling a dovetail 
groove like tiling a surface, and wedge-like layers 30 
of adhesive formed by filling up spaces formed 
between the side faces of the permanent magnet 
and the corresponding side faces of the recess and 
hardening the adhesive filling up the spaces, re- 
strains the permanent magnets from being sepa- 35 
rated from the rotor core by the centrifugal force 
generated by the rotation of the rotor and the 
magnetic attraction, highly effectively. Thus, the 
construction of the rotor of the present invention 
enhances the mechanical permanent magnet an- 40 
choring force against the force tending to separate 
the surface-mounted permanent magnets from the 
rotor core remarkably and the life and reliability of 
the synchronous rotary machine incorporating the 
rotor of the present invention are improved accord- 45 
ingly. 

Furthermore, even if the permanent magnets of 
the rotor are arranged in a skew arrangement or in 
an offset arrangement, in which the phase of the 
permanent magnets fitted in the recesses of one of so 
a plurality of recess divisions is shifted relative to 
that of the permanent magnets fitted in the reces- 
ses of the adjacent recess divisions, on the outer 
circumference of the rotor core of the rotor, the 
permanent magnets can be attached to the outer 55 
circumf rence of' th rotor core by radially fitting 
the permanent magnets in the recesses when as- 
sembling the rotor. Thus, the rotor of the present 



invention can be assembled by a rotor assembling 
method that does not require any work in addition 
to that required by the rotor assembling method for 
assembling the conventional surface-mounted mag- 
net type rotor and is rather simpler than the rotor 
assembling method for assembling the conven- 
tional surface-mounted magnet type rotor. 

Although the invention has been described in 
its preferred forms, it will be understood by a 
person with ordinary skill in the art to which the 
present invention pertains that various modifica- 
tions and variation will occur without departing from 
the scope of technical concept of the present in- 
vention. 

LIST OF REFERENCE NUMERALS 
10 

Stator 
20 

Rotor 
22 

Rotor Shaft 
23 

Rotor Core 
25 

Permanent Magnet 
25a 

Lower Surface 
25b 

Upper Surface 
26 

Recess 
26a 

Bottom Surface 
26b, 26c 

Inclined Side Face 
27a, 27b 

Inclined Side Face 
30 

Wedge-like layer 
125 

Permanent Magnet 
126 

Recess 

126a through 126c 
Recess Division 
127a, 127b 
Inclined Side Face 
128a, 128b 
Inclined Side Face 

Claims 

1. A rotor for a synchronous rotary machin ; sup- 
ported for a rotation inside a stator and pro- 
vided with a substantially cylindrical rotor core 
having an outer circumference thereof to which 
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a plurality of pieces of permanent magnet 
pieces are fixedly attached, characterized in 
that: 

each of said permanent magnet pieces is 
formed in a polygonal shape piece having flat, 5 
axially opposite end faces parallel to a plane 
perpendicular to the axis of rotation of said 
rotor, side faces each intersecting the opposite 
end faces, curved upper and lower surfaces 
formed so as to have a curvature substantially w 
in conformity with that of said outer circum- 
ference of said cylindrical rotor core, said low- 
er surface having a width greater than that of 
said upper surface so that said side faces 
connecting said upper and lower surfaces are 75 
inclineded so as to diverge from each other 
toward said lower surface; 

said cylindrical rotor core is provided with 
a surface thereof formed with a plurality of 
substantially dovetail-groove-like recesses 20 
each having an axially and cylindrically extend- 
ing bottom surface and opposite inclined side 
faces diverging from each other toward said 
bottom surface so that gaps are formed be- 
tween said inclined side faces of said recess 25 
and said inclined side faces of said permanent 
magnet piece when said lower surface of said 
permanent magnet piece is radially fitted in 
said recess, said plurality of dovetail-groove- 
like recesses being circumferentially arranged 30 
at a predetermined angular intervals; and 

said gaps formed between said inclined 
side faces of said each permanent magnet 
piece and said inclined side faces of said each 
recess are supplied with adhesive material to 35 
form wedge-like layers of said adhesive ma- 
terial between said inclined side faces of said 
permanent magnet piece and said inclined 
side faces of said recess, said wedge-like lay- 
ers of said adhesive firmly holding said perma- 40 
nent magnet piece in said recess to thereby 
prevent said permanent magnet piece from 
being separated from said rotor core. 

2. A rotor for a synchronous rotary machine, ac- 45 
cording to claim 1 , wherein each of said plural- 
ity of dovetail -groove-! ike recesses of said ro- 
tor core is a straight groove extending in par- 
allel to the axis of rotation of said rotor, and 
wherein at least one of said permanent magnet 50 
pieces is disposed in each said straight 
groove. 

3. A rotor for a synchronous rotary machine, ac- 
cording to claim 1, wherein each of said 55 
dovetail-groove-like recesses of said rotor core 

is a straight groove extending at a -diagonal 
angle with respect to the axis of rotation of 



said rotor, and wherein a plurality of said per- 
manent magnet pieces are disposed in said 
each diagonally extending straight groove. 

4. A rotor for a synchronous rotary machine, ac- 
cording to claim 1, wherein each of said plural- 
ity of dovetail-groove-like recesses of said ro- 
tor core includes a plurality of divided straight 
recesses, each having a predetermined length 
extending at a predetermined diagonal angle 
with respect to the axis of rotation of said rotor, 
said plurality of divided straight recesses being 
circumferentially shifted relative to each other 
by a predetermined angle, and wherein a plu- 
rality of said permanent magnet pieces are 
disposed respectively in said plurality of di- 
vided straight recesses of each said dovetail- 
groove-like recess. 

5. A rotor for a synchronous rotary machine, ac- 
cording to claim 1 , wherein each of said plural- 
ity of dovetail-groove-like recesses of said ro- 
tor core includes a plurality of divided straight 
recesses having a predetermined length ex- 
tending in parallel to the axis of rotation of said 
rotor, said plurality of divided straight recesses 
being circumferentially shifted relative to each 
other by a predetermined angle, and wherein a 
plurality of the permanent magnet pieces are 
disposed respectively in said plurality of di- 
vided straight recesses of each said dovetail- 
groove-like recess. 

6. A method of fabricating a rotor for a synchro- 
nous rotary machine, rotatably arranged inside 
a stator and provided with a substantially cylin- 
drical rotor core having an outer circumference 
thereof to which a plurality of permanent mag- 
net pieces are fixedly attached, characterized 
by comprising the steps of: 

forming said permanent magnet pieces in 
a substantially polygonal plate having flat, ax- 
ially opposite end faces parallel to a plane 
perpendicular to the axis of rotation of said 
rotor, side faces each intersecting said op- 
posite end faces, curved upper and lower sur- 
faces having a curvature substantially in con- 
formity with that of said outer circumference of 
said cylindrical rotor core, said lower surface 
being formed to have a width greater than said 
upper surface whereby Said side faces con- 
necting said upper and lower surfaces are in- 
clined so as to diverge from each other toward 
said lower surface; 

forming a plurality of dovetail-groove-like 
axial recesses in said outer circumference of 
said rotor core at a predetermined circum- 
ferential angular interval, each of said recesses 
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having a cylindrical bottom surface and op- 
posite inclined side surfaces diverging from 
each other toward said bottom surface so as to 
provide gaps between said inclined side faces 
of said recess and corresponding inclined side 5 
faces of said permanent magnet piece when 
said permanent magnet piece is disposed in 
said recess in such a manner that said lower 
surface thereof is radially fitted in said recess 
from outside; w 

injecting adhesive into said gaps formed 
between said inclined side faces of said recess 
and said corresponding inclined side faces of 
said permanent magnet piece after radially fit- 
ting said permanent magnet piece in each said 75 
recess of said rotor core to fill said gaps with 
said adhesive; and 

hardening said adhesive filling said gaps 
to form wedge-like layers capable of restrain- 
ing said each permanent magnet piece from 20 
being separated from said outer circumference 
of said rotor core. 

A method of fabricating a rotor for a synchro- 
nous rotary machine, according to claim 6, 25 
wherein said lower surface of said each perma- 
nent magnet is coated with adhesive to form a 
film-like layer of adhesive between said lower 
surface of said each permanent magnet piece 
and said bottom surface of said recess of said 30 
rotor core, and said film like layer of adhesive 
is hardened to form a hard adhesive layer 
between said lower surface of said each per- 
manent magnet piece and said bottom surface 
of said recess. 35 
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Fig. 3A 




EP 0 569 594 A1 



Fig.AA 
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Fig. 5 
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Fig.6A 
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